INTRODUCTION
In some cases crude edible o i l s have been contaminated with polycyclic aromatic hydrocarbons (PAHs). The l i g h t polycyclic aromatic hydrocarbons are removed during the usual refining s t e p s , the heavy polycyclic aromatic hydrocarbons, however, have t o be removed by a. treatment with carbon.
In t h e o i l s and f a t s industry a r e l i a b l e and rapid method t o determine benzo[alpyrene is very important f o r process control purposes (range 1-5 clg/kg). A reversed pha.se high performance liquid chromatography (HPLC) method using f luorimetric detection ha.s been devel.oped and tested by means of a collaborative study.
The rapid determination of benzo [a] pyrene (BaP) can be used t o estimate the level of t h e heavy polycyc3.i~ aromatic hydrocarbons i n crude edible o i l s instead of a time consuming f u l l polycyclic aromatic hydrocarbons analysis.
METHOD OF ANALYSIS
A s u i t a b l e mount of o i l dissolved in l i g h t petroleum o r hexme is absorbed on an alumina coh~mn; subsequently any henzo[a]pyrene present is elut.ed with l i g h t petroleum. The final. determination is carried out by reversed phase HPLC u s i n g fluorimetric detection. The methmi can be us& t o determine benzo[a]pyrene i n crude and refined edible o i l s with 3 lowest l i m i t of detection of about 0 . 1 vg/kg. study has been orgaiiised .
In order t o e s t a b l i s h the r e l i a b i l i t y of t h e methd an international collaborative

COLLABORATIVE STUDY
I n order t o check the v a l i d i t y of the method as an international standard method f o r IUPAC and eventually f o r IS', the method has been subjected t o an international collaborative study by laboratories in 1U European countries.
Materials provided f o r t h e study were crude edible o i l s ( f i s h o i l and rapeseed o i l ) containing benzo[alpyrene a t three concentration l e v e l s (high, medium and low). Each concentration level w a s represented by two batches. Each sample was provided i n duplicate (blind coded) so t h a t p a r t i c i p a n t s received i n t o t a l 24 samples. A s t a t i s t i c a l evaluation of t h e da.ta. was made f o r each level and f o r each type of sample separately i n accordance t o Is0 5725 -. 1986 using a method published earlier (1).
RESULTS
Data screening
From 18 laboratories d a t a have been received f o r evaluation. Two 1abora.tories submitted t h e i r r e s u l t s a f t e r the f i n a l closing d a t e . These r e s u l t s were not included i n t h e statistical evaluation. Eleven laboratories used exactly t h e prescribed method. Seven laboratories used d i f f e r e n t wavelengths or d i f f e r e n t HPU: conditions. It was decided t o use only t h e s t a t i s t i c a l d a t a obtained with t h e 11 laboratories which followed the prescribed method. The d a t a from these laboratories have been subjected t o tests f o r o u t l i e r s according t o Cochran and Dixon.
Cochran tests
As the 24 samples analyzed were i n f a c t 12 pairs of corresponding samples, the differences between these blind (hidden) duplicates have been tested f o r s t r a g g l e r s and o u t l i e r s according t o Cochran's procedure.
Dixontests
After elimination of t h e s i g n i f i c a n t o u t l i e r s ( i . e . s i g n i f i c a n t at t h e 1% l e v e l ) according t o Cochran's t e s t , t h e s i x batch averages per laboratory have been tested f o r stragglers and o u t l i e r s according t o Dixon's procedure.
Observation of t h e d a t a resulted i n the exclusion of t h e f i s h o i l r e s u l t s of one laboratory. The outlying r e s u l t s have been excluded i n t h e f u r t h e r statistical calculations.
International Organisation for Standardization
Precision o i l respectively are given.
In Tables 1 In Tables 3 and 4 
DISCUSSION
The r e p e a t a b i l i t y is b e t t e r f o r t h e rapeseed o i l than f o r t h e f i s h o i l . The r e p e a t a b i l i t y f o r t h e f i s h o i l is comparable with t h e value obtained during the preliminary study within one i n d u s t r i a l organisation (10 laboratories) reported separately t o t h e Commission ( 2 ) .
According t o Horwitz (3) f o r an a n a l y t i c a l method t o be acceptable, the r e l a t i v e reproducibility (LVR) should be about 45 % a t the 1 Wkg level, and 35 % at t h e 5 w k g l e v e l . The range of t h i s c r i t e r i o n is f u l l y met by t h e r e s u l t s i n t h i s study.
CONCLUSION
Reversed phase HPLC with fluorimetric detection is a rapid and s e n s i t i v e method which allows r e l i a b l e determination of t h e concentration of traces of benzo[a]pyrene in edible o i l s and f a t s .
After an extensive collaborative study it was concluded t h a t the method meets the c r i t e r i o n f o r an a n a l y t i c a l method t o determine trace amounts of analyte as s t a t e d by Horwitz i n 1982.
collaborative study t h e Commission has decided t o adopt t h e method. The t e x t of t h e standardized procedure is given on the following pages.
Based on the repea.tability and r e p r d u c i b i l i t y of the r e s u l t s obtained i n the Stainless steel pre-column, length 75 m, i n t e r n a l diameter 4.6 mm, packed with Lichrosorb RP-18, 5 lun particle s i z e .
DETERMINATION OF BENZO[a]PYRENE IN OILS AND FATS BY REVERSED PHASE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY
SCOPE A N D FIELD OF APPLICATION
PRINCIPLE
Stainless steel reversed phase HFLC column, Vydac f o r PAHs, length 250 mm, i n t e r n a l diameter 4.6 mm. Fluorimetric detector with excitation wavelength a t 384 mi (slit 10 nm) and emission wavelength a t 408 nm (slit 10 nm).
REAGENTS ( N O T E 2 )
Light petroleum (boiling point range 40 -60 "C) or hexan, a n a l y t i c a l grade, r e d i s t i l l e d over potassium hydroxide p e l l e t s (4 dl). Eenzo[a]pyrene is a knoun carcinogm. All work using benzoCa]pyrene should be carried out in a fume hood and gloves should be worn to m i n i m i z e -re. Weigh t o t h e nearest mg about 2 g of the o i l sample i n t o a graduated fla.sk of 10 m l . Dissolve the o i l i n l i g h t petroleum and make up t o the mark with l i g h t petroleum. Fill. the chromatography column (3.1) t o half its height with l i g h t petroleum. Rapidly weigh 22 g of alumina, a c t i v i t y grade 4 ( 4 . 7 ) , i n t o a small beaker arid t r a n s f e r t h e alumina immediately t o the column. Promote s e t t i n g of t h e alumina by g e n t l y tapping t h e column. Add anhydrous s d i u m sulphate on t h e top of t h e column in a layer of about 3 em. Open t h e tap and allow the l i g h t petroleum t o become l e v e l with t h e top of t h e sodium sulphate layer. Place a 20 m l graduated f l a s k under t h e column. P i p e t t e 2.00 m l of the o i l solution (5.1.1) onto the column. Rinse t h e column with minimal amounts of l i g h t petroleum all.owing t h e solvent layer t o run i n t o t h e sodium sulphate layer between rinsings. Elute t h e col~imn with l i g h t petroleum with a flow of about 1 ml/min. Discard the f i r s t 20 m l of e l u a t e . Collect a f u r t h e r 60 m l of e l u a t e i n t o a 100 m l round bottomed f l a s k .
Preparation of Benzo
Concentrate the e l u a t e i n a waterbath of 65 "C t o about 0 . 5 t o 1 . 0 m l and t r a n s f e r t h e concentrated solution i n t o a pre-weighed ( t o the nearest 0 . 1 m g ) crimp top minivial of about 1 m l (note I).
Continue evaporation from t h e minivial i n water of 35 "C under a g e n t l e stream of nitrogen (about 25 ml/min) u n t i l nearly dry. Rinse t h e round bottomed f l a s k twice with about 1 m l of l i g h t petroleum and c o l l e c t these r i n s i n g s q u a n t i t a t i v e l y i n t o t h e minivial.
Continue evaporation a t 35 "C under a g e n t l e stream of nitrogen till dryness. Weigh the minivial t o t h e nearest 0 . 1 mg and c a l c u l a t e the weight of t h e residue. Stopper t h e minivial with t h e t e f l o n layered septum and the aluminium cap and s t o r e at. 4 "C. 2 ) with t h e concentration of 0.01 u g h 1 and by i n j e c t i n g 1 ng and 2 ng of benzo[a]pyrene by i n j e c t i n g 5 and 10 ul respectively of the standard solution ( 4 . 9 . 2 ) with the concentration of Use the peak area obtained by means of t h e integrator and c h a r t recorder ( 4 . 4 ) t o construct t h e c a l i b r a t i o n curve.
0 . 2 ng/ul.
Sample analysis (note 5)
5 . 3 . 1 5 . 3 . 2 .
. 3 . 3
I n j e c t 20 ul tetrahydrofuran i n t o the minivial containing t h e cleaned residue (5.1.15). Dissolve t h e residue i n the v i a l in tetrahydrofuran by c a r e f u l swirling, avoiding contact of the solvent with t h e septum. I n j e c t an accurately known volume of about 10 ~1 of t h e dissolved residue i n t o t h e HPLC column and start the running of t h e chromatogram.
CALCULATION AND EXPRESSION OF RESULTS
Calculation
Calculate from the calibrat-ion curve ( 5 . 2 . 3 ) t h e amount of benzo[a]pyrene in t h e injected volume of the residue dissolved i n tetrahydrofuran ( 5 . 3 . 2 ) . The benzo[alpyrene content ( B e ) , in p.g/kg,is given by t h e formula:
where A is t h e amount of benzo[a]pyrene, i n ng, read from the calibration G is the mass of residue in t h e minivial (5.1.14) i n n g with an V is t h e volume of tetrahydrofuran injected i n t o the chromatograph.
M
is the mass of t e s t portion in g weighed in (note 6 ) .
assumed density of 0.8 and therefore of a volume of 1.25 G 111.
Expression of results
Express the results as ~*p/kg ( t o two s i g n i f i c a n t figures)
QUALITY ASSURANCE
For general principles of analytical q u a l i t y control see t h e sect.ion on Qua.lity
Assurance in the intrculuctory part of t,he Compendium of the Standard Methds.
7 . 2 For s p e c i f i c appl icaticins of a n a l y t i c a l quali.ty control see t.he Annexe t o t h i s st-andard met h i d .
NOTES
A rotary evaporator with vacuum and a waterbath of 40 "C may be u s e d . Care should be taken t o prevent cross contaminat ion. Clean t h e system thoroughly between subsequent determinations .
Jf other a n a l y t i c a l grade solvents than t h e recommended ones are used a f u l l blank analysis has t o be carried out and the r e s u l t s of t h i s blank analysis have t o be reported. 
ANNEXE
Repeatability limit
The a.bsolute difference between two independent s i n g l e test r e s u l t s , obtained with t h e same method on i d e n t i c a l test material i n t h e same laboratory by t h e same operator using the same equipment within s h o r t i n t e r v a l s of time, should not be grea,ter than t h e r e p e a t a b i l i t y l i m i t ( r ) as given i n the t a b l e with statistical and other d a t a derived from t h e r e s u l t s of the interlaboratory test.
Reproducibility limit
The absolute difference between two s i n g l e test r e s u l t s , obtained with t h e same method on i d e n t i c a l test material i n d i f f e r e n t laboratories with d i f f e r e n t operators using d i f f e r e n t equipment, should not be greater than t h e reproducibilit y l i m i t (R) as given i n t h e t a b l e with s t a t i s t i c a l and other d a t a derived from the r e s u l t s of t h e interlaboratory t e s t .
3. Trueness(bias) t h e b i a s of t h e method w a s demonstrated i n t h e collaborative study of t h e method (see t a b l e of s t a t i s t i c a l d a t a below) t o be negligible when used f o r t h e determination of concentration l e v e l s of benzo[a]pyrene in t h e range 1 -5 wkg.
Thesensitivity
of t h e method is demonstrated by the low values f o r r and R a t the low concentration l e v e l s studied (see t a b l e of s t a t i s t i c a l d a t a below), t h e l i m i t of detection is 0 . 1 @/kg, t h e l i m i t of determination is 1 Wkg.
Interference by other poly aromatic hydrocarbons is not t o be expected provided t h e measurements are carried out a t t h e wavelengths s p e c i f i c f o r benzo[alpyrene: excitation wavelength 384 nm and emission wavelength 406 nm.
Statistical and other data derived from the results of the interlaboratory test
The interlaboratory t e s t carried out a t t h e international level in 1989 by the IUPAC Commission on O i l s , F a t s and D e r i w t i v e s , i n which 23 laboratories participated, each obtaining two test r e s u l t s f o r each sample, gave t h e s t a t i s t i c a l r e s u l t s (evaluated i n accordance with IS0 5725-1986) summarized i n t h e following t a b l e :
Sample Batch Repeatability r e l a t i v e standard deviation CCVr i n %)
Repeatability limit (r) [ 
